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INTRODUCTION
In the Netherlands, approximately 50% of the 0.7 million Dutch children aged 0 to 4 years are cared for in child day care centers (DCCs). DCCs provide care for an immunological immature, dynamic and crowded population and therefore represent a setting conductive to transmission of infectious diseases. As a result, children cared for at DCCs are at an increased risk of acquiring infectious diseases 1, 2, 3 . The increased risk has direct impact on the child as it leads to infectious disease episodes that are greater innumber 4 , especially in young children with underlying disease 5 . However, the increased occurrence also indirectly affects society as attending children readily transmit DCC-related infectious diseases and possible related antimicrobial resistance 6 from the DCC environment via caretakers 7 , parents and family 8 into the society at large. These transmission events have social and economic consequences as they result in increased work absenteeism for parents and increased expenses on medical care 9 . The impact of DCC-related infectious diseases is widely recognized as being substantial and numerous guidelines exist for their control 10, 11, 12 . However, our knowledge and understanding of the disease burden is hampered by lack of dedicated surveillance in the child day care setting. At least in the Netherlands, surveillance is restricted to short-term research initiatives 13, 14 , a mandatory infectious disease notifiable reporting systems and a voluntary physician reporting network 15 . Notifiable reporting systems are often locally organized and monitor outbreaks only and the physician network does not discriminate between visiting children that do and do not attend day care. In addition, both systems largely underestimate true infectious disease incidence; by far the majority of (DCC-related) infectious diseases are sporadic and mild in nature and will therefore not present themselves to these systems. As a result, these research initiatives and reporting systems are designed neither to quantify the infectious disease burden related to child day care attendance nor to relate infectious disease incidence to risk factors present in the DCC setting. Accurate incidence estimates provide a first step towards identification of effective infectious disease control measures and public health priority setting that, ultimately, will lead to improvement of the health and well-being of day care-attending children. Since 2010, the Dutch Institute for Public Health therefore implements an ongoing national surveillance network (acronym: KIzSS) of DCCs 16 . We are unaware of any other national initiative that systematically collects data on the infectious disease occurrence in child day care. This paper has two objectives. (1): Estimate the incidence of common childhood infectious disease episodes and related antibiotics consumption, general practitioner visits and hospitalization among Dutch day care attendees and (2): Estimate the excess incidence of two frequent infectious diseases -gastroenteritis and influenzalike illness-attributable to Dutch day care attendance 17 .
MATERIALS AND METHODS

Day-Care Center Recruitment
All DCCs registered in a database provided by the ministry of Education, Culture and Sciences (n=3913) were invited in November 2009 to participate in a crosssectional questionnaire survey into sociodemographics, facility setup, and infectious disease policies.
DCCs from areas of all degrees of urbanization were equally represented and were comparable with regard to socioeconomic classification. As part of the questionnaire survey, DCCs were invited to participate in the surveillance network. DCCs not willing to take part in the questionnaire survey were asked to answer a short nonresponse questionnaire. DCCs interested in participation were visited by the research team and included in the study. For a detailed description of the design,
Data collection
The KIzSS network has a prospective cohort design, following day care centers rather than individual children over time. DCCs participating in the surveillance network used study-provided calendars to indicate the daily occurrence of predefined infectious disease episodes (table 1) among their child-population aged 0-4 years. Day care centers only reported infectious disease episodes that resulted in absence of the child on one or more days that the child was scheduled to attend day care. Children were called in sick by their parent(s) or were sent home sent by the DCC staff due to illness. Per reporting, additional information regarding related health-care-utilization characteristics was provided including possible antibiotic consumptions, general practitioner visits and hospitalizations. A child had to be fully recovered for at least 7 days before being reported ill again. In addition, DCCs reported the number of children enrolled for day care per week of participation. Both incidence numerators and denominators were reported by DCCs via a webbased registration tool 18 on a daily basis to the Dutch Institute of Public Health. A researcher checked all reports for completeness. Reports that were unclear or incomplete were sent back via the digital reporting system to the DCC with the request to make appropriate changes before finalizing the report. DCCs that did not report at least one incidence numerator/denominator per month for a minimal period of 6 months during the study period and duplicate reports were excluded from further analysis. In addition, the Dutch Sentinel General Practice (GP) Network provided national estimates of general practitioner visits for GE and ILI between March 2010 and March 2011. Similar data for the other infectious diseases measured in KIzSS or for the year March 2011 -March 2012 were not (yet) available. In the GP network, sentinel doctors were asked to report patients fulfilling the definitions of GE or ILI (table 1) . For a detailed description of the design, methodology and definitions implemented by the GP network we refer to an article published elsewhere 17 .
STATISTICAL ANALYSIS
Definitions and assumptions
An infectious disease episode, the incidence numerator, was defined as a child experiencing one or more days of pre-defined illness that results in one or more days of absence from day care. The child-time at risk, the incidence denominator, was defined as the number of children enrolled for day care per week of participation in the surveillance network. As children do not attend day care every day of the week, we adjusted for episodes missed due to children getting ill and recovering in between DCC attendance days. Infectious disease incidence was therefore calculated as the number of infectious disease episodes per 1000 child-years at risk adjusted by an infectious disease dependent correction factor for illness episodes missed (Appendix I, available on request to the authors). Weeks in which a DCC reported the number of children attending that week, but did not report infectious disease episodes during that week, were considered to be free from absence due to infectious disease during that week. The relative difference in infectious disease incidence between children of Enserink, R., Ypma, R., Donker, G.A., Smit, H.A., Pelt, W. van. Infectious disease burden related to child day care in the Netherlands. Pediatric Infectious Disease Journal: 2013, 32(8), e334-e340 different age (0-2 year olds compared to 2-4 year olds), study year (2010-2011 compared to 2011-2012) and population (day care-based surveillance compared to GP based surveillance) were calculated and expressed in an Incidence Rate Ratio (IRR). The association between an infectious disease and age were based on DCC based age-stratified denominator information of their child population.
Representativeness of the surveillance network
The representativeness and diversity of the DCC surveillance network was assessed by comparing the DCC characteristics socioeconomic classification, degree of urbanization, facility design, and hygiene practices between network participants and non-participants. Differences at the level of a p-value <= 0.05 were considered statistically significant. In addition, a principal component analysis was performed to assess whether the overall variation in combinations of DCC characteristics in participants reflected the overall variation among all DCCs (Appendix II, available on request to the authors). Data were analyzed using the statistical software package STATA/SE 11.2 for Windows.
Ethical and funding considerations
This study is conducted according to the principles of the Declaration of Helsinki. The Dutch Central Committee on Research involving Human Subjects in Utrecht, The Netherlands, endorsed ethical approval to conduct this study. No subjectidentifiable results are generated. This paper presents independent research commissioned by the Dutch National Institute for Public Health and the Environment and has been internally financed. Figure 1 depicts the dynamics of the day care center network during the study period. average, a DCC staff member was responsible for the care of 5 children. DCCs were organized either horizontally (children of similar age are grouped together), vertically (children of all ages are grouped together) or both. Small DCCs had a tendency to be organized vertically, whereas larger DCCs were more often organized horizontally. Smaller DCCs located in rural settings applied less staff mixing between groups, higher cleaning frequencies of toilet and kitchen facilities and higher consistency in implementation of exclusion policy guidelines compared to larger DCCs. Part of the of DCCs indicated they did not always wash the hands of children before eating (34%) or after a toilet visit (15%) or they did not always clean the toilet and kitchen areas (17%) on a daily basis despite their written policies to do so. 42% of DCCs did not have a dedicated diaper changing station. Cohorting or exclusion of children with GE or ILI was not strictly part of DCC infectious disease control policy, regardless of whether an infectious disease outbreak was suspected or not. Rather, DCCs indicated that they excluded children too ill to participate in daily DCC activities. Half of the DCCs contacted public health authorities in case of a suspected outbreak that is a notifiable event.
RESULTS
The Surveillance Network
Baseline characteristics of DCCs in the surveillance network
Between DCCs participating in our surveillance network and all DCCs that responded to our questionnaire, no significant differences were detected regarding the distribution of socioeconomic status and degree of urbanization between DCC responders and non-responders and no significant differences were detected in terms of organization, facility design and hygiene policies. The representativeness of the DCC surveillance network was further illustrated in a principal component analysis on the DCC profile of combinations of these DCC characteristics, showing that the variation of KIzSS cohort participants reflected the national variation in DCC characteristics very well (Appendix II, available on request to the authors). Figure 2A , 2B and 2C show the monthly infectious disease incidence of gastrointestinal, respiratory and exanthematous disease respectively as measured in the KIzSS network between March 2010 and March 2012. Table 3 presents the number of infectious disease episodes per 1000 child-years between March 2010 and March 2012, stratified by study year and child's age. Per infectious disease the fraction of children requiring antibiotics, a general practitioner visit and hospitalization are given. Finally, table 4 depicts difference in GE and ILI incidence requiring a visit to the general practitioner between the DCCbased and the GP-based surveillance during the period March 2010-March 2011.
Infectious disease incidence and related health care utilization
Incidence
A total of 2488 infectious disease episodes leading to absence from day care were estimated to have occurred during 2441 child-years of follow-up; approximately one episode with absence per child-year. The highest infectious disease incidence with absence was observed for GE (387) and ILI (247). Ear infection (150), chickenpox (120), exanthema (59), eye infection (39) and impetigo (17) were reported less frequently.GE and ILI displayed clear seasonality with a distinct 4 fold increase in incidence during the winter months. No regular time-related incidence patterns were observed for other infectious diseases, although chickenpox incidence peaked with some regularity during the study because of individual/single DCC outbreaks. , R., Donker, G.A., Smit, H.A., Pelt, W. van. Infectious disease burden related to child day care in the Netherlands. Pediatric Infectious Disease Journal: 2013, 32(8), e334-e340
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The incidence of all infectious diseases reported was significantly lower in 2010/2011 compared to 2011/2012 with the exception of chickenpox (significantly higher) and exanthema (no difference). Compared to 2-4 year old children, 0-2 year old children were at a 1.2 (chicken pox) to 3.6 (eye infection) times significantly higher risk for infectious diseases monitored, with the exception of impetigo (0.5 times significantly lower risk). Overall, children aged 0-2 years were approximately at a two times higher risk of experiencing an infectious disease episode compared to 2-4 year old children. Overall, children received antibiotic treatment in6% of infectious disease episodes, 29% consulted a GP and 2% needed to be hospitalized. Antibiotics were most often prescribed for impetigo (24%), ear infections (21%) and ILI (8%). Impetigo and ear infections were also the most common reason for a child to visit the general practitioner: 93% and 62% respectively. The highest risks for hospitalization were reported for episodes of ear infection (4.4%), ILI (2.3%) and GE (1.6%). Children attending a DCC consulted their GP more often for GE and ILIcompared to children in the Dutch Sentinel GP Network of the same age group and during the same period (IRRGE: 1. 
DISCUSSION
Gastroenteritis (GE) and influenza-like (ILI) illness were the most commonly reported infectious diseases among children in our day care-based surveillance network, particularly during the winter months. Children experiencing these infectious diseases consulted the GP approximately two times as often as reported by the Dutch Sentinel GP Network during the same period and for the same age group. For ILI, this is especially true among the very young, suggesting that early daycare attendance shifts the occurrence of first infectious disease episodes to an earlier age where complications requiring health care are more likely to arise. Qualitatively, our results are in agreement with those reported in other studies 19, 20 . However, we have three reasons to believe that we underestimated the true disease burden related to day care attendance. Firstly, DCCs only included illness episodes that required a child to be sent or kept home, whereas other studies have shown that only 50% of children might require home-care due to illness 21 . Indeed, the GE incidence measured in our DCC surveillance network was lower than estimated in a community-based study that was performed among the same age group in the Netherlands in 1999 13 using diaries. Secondly, the presented GP-based incidence estimates for GE and ILI were calculated based on a at risk child population of which 50% regularly attends day care. Thirdly, both DCCs as well as GP's may not have reported all eligible disease episodes among their populations. We have shown the importance of including multiple surveillance years as infectious disease incidences might vary significantly over the years. There is a possibility that the disease burden related to GE and ILI measured during the study period differ from the disease burden of other years. Although the DCC network is representative with regard to distributions in the degree of urbanization and the socioeconomic status of DCCs that did and did not respond to our questionnaire survey, some differences may exist in other DCC characteristics for which we had no information. It is expected that these will be of minor importance for the estimates, rank order and relative importance of the infectious diseases presented here. Enserink, R., Ypma, R., Donker, G.A., Smit, H.A., Pelt, W. van. Infectious disease burden related to child day care in the Netherlands. Pediatric Infectious Disease Journal: 2013, 32(8), e334-e340 Results from our DCC survey indicate that there is ample room for improvement in implementing simple measures for infectious disease prevention such as hand hygiene and appropriate cleaning of contaminated surfaces. Such measures have convincingly shown to reduce the infectious disease risk in the DCC setting 22, 23, 24 ; especially against enteric infections 25 which were most commonly reported during our study. It is not clear whether the performance of Dutch DCCs lag behind internationally recognized standards as was the case in 2005 26 . The national baseline estimates of infectious disease incidences presented in this paper will provide a basis for future disease burden, cost of illness, risk factor and intervention studies. Together, these studies will identify most efficient hygiene standards and control measures in practice in DCCs in the Netherlands and give justification for their implementation. This may convince and stimulate DCCs in fulfilling their responsibility to provide children with a save and hygienic environment as is required of DCCs since 2005 by Dutch DCC law. The KIzSS surveillance network will continue to monitor child day care-associated infectious disease dynamics in the future.
